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FOREWORD

This report was prepared for the Department of the Air Force
Ballistic Missile Office (BMO) in compliance with Contract No.
F-04704-80-C~0006, CDRL Item No. 005A2. It presents the results
of a preliminary aggregate resources investigation within and
adjacent to selected lands in Utah and Nevada that are under
consideration for siting the MX system. The program was funded
in June FY 79 through supplemental funding of the FY 79 Geo-
technical Program.

Results of the investigation are presented in this volume as
text, appendices, and two drawings.
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1.0 INTRODUCTION

1.1 BACKGROUND

The MX aggregate program began in 1977 with the investiga-
tion of Department of Defense (DOD) and Bureau of Land Manage-
ment (BLM) lands in California, WNevada, Arizona, New Mexico,
and Texas (FN-TR-2CD). This program identified, on a selected
regional basis, potential sources of concrete aggregate that
could be used for construction of the MX system and ranked them
according to suitability. Economic factors (e.g., mining

costs, haul distances, etc.) were not considered.

Refinement of the potential MX siting area in FY 79 added
pqrtions of Utah and Nevada that were not studied in the initial
Aggregate Resource Evaluation Investigation (AREI) of the
Nevada~California areas (Figure 1). This additional area
(Figure 2) was defined as the Utah-Nevada Aggregate Resources

Study Area (UARSA).

1.2 OBJECTIVES

The primary objective of the Utah-Nevada Aggregate Resources
Study is to bring the entire, currently defined potential
siting area to a similar level of aggregate investigation. The
principal effort is to preliminarily inventory and rank sand,
gravel, and rock resources according to their suitability for
use as aggregate 1in concrete (3~ to 7.5-kips-per-square-inch
compressive strength), railroad ballast, and road base. The

initial aggregate study, FN-TR-20D, inventoried and ranked sand,
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gravel, and rock resources according to their suitability for
use as aggregate in concrete to be used in construction of the

MX trench system.

Factors which influenced inventory procedures and the ranking of
the sources included:

1) Type of deposit: Both rock and basin fill were inves-
tigated as potential aggregate sources,

2) Quality of the material: American Society of Testing
and Materials (ASTM) standards and Standard Specifi-
cations for Public Works Construction (SSPWC) were used
to evaluate aggregate quality.

3) OQuantity of material: 86.9 x 10® tons of gravel and
5.8 x 10% tons of sand are estimated to be required
for construction of the presently conceived MX horizon-
tal MPS system.

4) Size of boundary extension: An approximate 30-mile
boundary extension around potential suitable siting
area was based on current estimates pertaining to

-~ the maximum practical and economical haul distance
anticipated for the MX system.

5) Availability of water for aggregate processing: A
briel review of existing data on ground and surface
water within the study area and visual observations at
field station stops were performed.

6) Accessibility: A brief review of major land transporta-
tion facilities within the study area and visual
observations at field station stops were performed.

This study was designed to provide regional information on the
general location, gquality, and quantity of aggregate and con-
{ struction material resources (sand, gravel, and rock) within
the study area in a useful and informative format for planning
purposes. Detailed information on the actual location and

development of proven available suitable aggregate sources was

beyond the scope of this study.
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1.3 SCOPE

The scope of this investigation required that both office
studies and field reconnaissances be performed. The following

pertinent steps were included in the investigation:

Collection of available existing data on the quality
and quantity of potential concrete aggregate, railroad
ballast, and road base sources,

Analysis and evaluation of collected data with subse-
quent selection of areas for field reconnaissances.

Aerial and ground field reconnaissances of representa-
tive basin-fill and rock aggregate sources with sam-
pling of selected representative materials.

Limited laboratory testing to supplement available
existing data and to provide sufficiently detailed
information to assist in predicting suitability of
potential aggregate resources over broad areas.

Preliminary review of existing data on water avail-
ability and land transportation facilities within the
study area.

Application of the aggregate resources preliminary
ranking system developed during the initial aggregate
investigation. This system utilizes ASTM and SSPWC
standards and specifications.
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2.0 STUDY APPROACH

2.1 METHODOLOGY

The study approach was to 1) utilize, to the maximum extent
possible, existing data on aggregate sources in the area,
2) supplement the existing data with limited field reconnais-
sances including collection of representative potential aggre-
gate source materials for laboratory testing, and 3) assess
critical physical/chemical properties to support the results of

the inventory and ranking.

2.1.1 Existing Data

Collection of existing test data from available sources was a
primary factor controlling the study approach. Data were
collected from federal, state, and private agencies, institu-
tions, and individuals in Reno, Carson City, and Ely, Nevada,
and Salt Lake City, Cedar City, and Richfield, Utah. Principal
sources of data directly pertaining to concrete aggregate or
related construction materials were the State Highway Depart-
ments of Nevada and Utah. The majority of this information is
related to the use of aggregate material for asphaltic concrete,
base course in road construction, or ballast material. Many of
the suitability tests for these types of construction materials

are similar to those for concrete aggregate.

2.1.2 Supplemental Field Data

Aerial and ground reconnaissances of the study area were made to
collect additional data and to verify conditions determined

during the review of existing information. During this phase,
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192 basin-fill and rock field station data stops were made in
potential aggregate sources as well as existing quarries and
borrow pits. 1Identification of basin-fill materials in the
field followed ASTM D2488-69 Description of Soils (Visual-Manual
Procedure), and the Unified Soil Classification System (Appen-~
dix C). Rock identifications followed procedures described in
the Quarterly of the Celorado School of Mines and Standard
Investigative Nomenclature of Constituents of Natural Mineral

Aggregates (ASTM C294-69).

Selected sources were sampled for additional laboratory testing
and/or petrographic thin section analysis. Representative
basin~fill samples were collected by channel sampling stream
cuts or man-~-made exposures. Rock samples were obtained from
exposures of fresh or slightly weathered material whenever
possible. The weight of the samples collected ranged between
100 and 150 pounds. Samples collected for thin sectioning were

hand specimens, generally not exceeding five pounds in weight.

2.1.3 Data Analysis

Engineering and geologic criteria were used to analyze and
evaluate the existing and field data. This was supplemented by
selected laboratory tests (Table 1) and petrographic thin
section examinations which emphasized a determination of dura-~
bility, soundness, and gradation. Because materials suitable
for use as concrete aggregate are generally acceptable for use
as railroad ballast and road base, concrete aggregate parame-

ters are the principal consideration in this report.
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AGGREGATE SAMPLE TYPE AND
GLASS |FICATION ASTM TEST NUMBER OF TESTS
ASTM C-88: SOUNDNESS BY ROCK (7)
USE OF MAGNESIUM SULFATE GRAVEL (5)
ASTN C-131: RESISTANCE T0
COARSE ABRASION BY USE OF THE smgt(]s))
LOS ANGELES MACHINE (
ASTH £-136:
SIEVE ANALYSIS GRAVEL (7)
ASTM C-B8: SOUNDNESS BY
USE OF MAGNESIUM SULFATE SAND (8)
FINE
ASTH C-136;
SIEVE ANALYSIS SAND (1)

AGGREGATE TESTS
UTAH-NEVADA STUOY ARER
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2.1.4 Presentation of Results

Results of the study are presented in text form, tables, two
1:500,000 scale maps, and appendices. The aggregate resources
map (Drawing 1) shows the location, type, and rank of all
Class A and Class B aggregate sources (Section 2.2, Preliminary
Aggregate Ranking System). Class C materials are only generally
depicted, with no assigned geologic unit designation. Drawing 2
presents the 508 existing test data and field station sites

within the study area.

Geologic symbols utilized in Drawing 1 relate to standard
geological nomenclature whenever possible, Undifferentiated
alluvial and rock units were established primarily to accommo-
date map scale and may contain deposits which could supply
significant gquantities of high quality materials. A conversion
table to relate these geologic symbols to Fugro geologic unit

nomenclature is contained in Appendix E.

All contacts which represent distinct boundaries between geo-
logic material types (or classes of aggregate resources) are
shown as solid lines in Drawing 1. The contacts are dashed
where the depicted data were extrapolated beyond the limits of
the source data or where accuracy of the data may be question-
able, Local small deposits of one type or class of material
may be found in close association with a larger deposit of a
different type or class. Due to scale limitations, these
smaller deposits could not be shown on the aggregate resources

map and have been combined with the more prevalent material.

Ao
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Aprendices contain tables summarizing the basic data collected
during the field investigations, the results of Fugro National's
supplemental aggregate testing program, existing test data
gathered from various outside sources, an explanation of caliche
development, the Unified Soil Classification System, photographs
of typical material sources, and a geologic unit cross reference

table.

2.2 PRELIMINARY AGGREGATE RANKING SYSTEM

After completing field activities and compiling all data, a
system to preliminarily rank potential concrete aggregate
sources was developed in order to describe their relative
merits. Based primarily on physical properties, this ranking
system divided the potential aggregate sources into Class A,
- Class B, and Class C (Table 2). Exposure characteristics of the
potential aggregate source, such as extent, accessibility,
minability, and water availability were aliso considered but

generally did not alter the physical property ranking.

The specifications for each class of material are based on
1) ASTM (C33-74A Standard Specifications for Concrete Aggregate,
2) SSPWC Part II Construction Sections 200-1.1, 1.4, 1.5, and
1.7, 3) a review of the literature applicable to concrete aggre-
gates, 4) contacts with industrial producers of concrete aggre-
gates, 5) contacts with consultants in the field of concrete

) ‘ aggregates, and 6) sound engineering and geologic judgment.

Since a majority of deposits being evaluated either lack test

data completely or were previously tested for their suitability

e

—d
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AGGREGATE RANKING
AGGREGATE CHARACTERISTIC'
CLASS A CLASS B? CLASS C
ABRASION RESISTA#S, PERCENT WEARS <40 40-50 =50
Na S04 <12 <2 >12
COARSE AGGREGATE
Mg S04 <18 <{8 =18
SOUNDNESS,
PERCENT LOSS *
Na 304 <10 <10 =10
FINE AGGREGATE
Mg S04 <15 <15 >15
- WATERIAL FINER THAR COARSE AGGREGATE < 1-2 =2
NO. 200 SIEVE. '
OTHER DELETERIOUS MATERIAL (ALKAL! REACTIVE
AGGREGATE, MICA, GYPSUM, PYRITE, CHLORITE,
CALICHE OR CLAY COATINGS, LOW DENSITY OR <] 1-3 >3
ORGANIC MATERIAL, FLAT, PLATY, OR ELONGATE
PARTICLES)

1. AGGREGATE CHARACTERISTIC BASED ON EST.MATED VALUES OR STANDARD TEST RESULTS

2. THIS CLASS MAY BE DIVIDED INTO SUBUNITS By (ONE OR TWO POOR CHARACTERISTICS) OR
By (MORE THAN TWO CHARACTERISTICS)

3. ASTM C131 (500 REVOLUTIONS)
ASTH €88 (5 CYCLES)

v PRELIMINARY AGGREGATE RANKING SYSTEM
‘ UTAH-NEVADA STUDY AREA

MX SITING INVESTIGATION Taste

DEPARTMENT OF THE AIR FORCE - BmMO 2

GRO NMATIONAL, ING.
3 WAR 80
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for some other purpose, this preliminary ranking system relies

heavily on qualitative evaluations based upon field visual

observations. The general physical property characteristics of

Class A, Class B, and Class C aggregate sources are as follows:
Class A

Potential sources of high quality concrete aggregate not
requiring the use of special cements or admixtures (Table
2). Only minimal processing should be necessary to meet
known requirements for concrete aggregate. However,
additional testing and case history studies will be needed
to confirm adequacy and define exact characteristics.

Class B

Potential source of possible concrete aggregate exhibiting
one or more undesirable characteristics which make it of
poorer quality than Class A aggregate (Table 2)., Detailed
investigations will be required to accurately determine
aggregate suitability and probable concrete characteris-
tics. Where possible, this class of material was divided
into subunits B; and Bjy. Materials classified as Bj
are considered to be generally adequate for concrete
aggregate having only one or two characteristics which
cause them to be ranked as Class B material. Those mate-
rials ranked as B, are considered to be probably suit-
able but have several characteristics which may make them
marginal for use as concrete aggregate. Where these
distinctions could not be made with present information,
the material is classified as Class B. ~

Class C

Material considered unsuitable for use as concrete aggre-
gate (Table 2).
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3.0 STUDY RESULTS

3.1 LOCATION AND DESCRIPTION OF STUDY AREA

The UARSA is located in western Utah and easternmost Nevada
(Figure 2). It includes portions of Tooele, Juab, Millard,
Beaver, Iron, and Washington counties, Utah, and Elko, White
Pine, and Lincoln counties, Nevada. With a maximum north-south
length of approximately 200 miles and a maximum east-west width
of 125 miles, the study area encompasses almost 16,000 square

miles.

The study area lies totally within the Basin and Range Physio-
graphic Province. The physiography is controlled by, and
strongly reflects, the underlying geologic structure. Eroded
remnants of uplifted fault-block mountains separated by down-
éropped basins characterize the study area. Mountain ranges are
commonly composed of Paleozoic carbonate and clastic rocks that
exhibit north to northwest trends. Quaternary basalt flows and
associated cinder cones are common in the southeastern portion
of the study area. Many of the valleys are broad and elongated
and have been inundated by various Pleistocene lakes (e.g., Lake
Bonneville) that have greatly influenced the Quaternary depo-
sitional history. Closed basin conditions are common today,
with gently.sloping alluvial surfaces grading toward playas in
the valley axes. The Sevier Dry Lake is a large closed system
that forms the terminus of the area's only major drainage

system, the Sevier River,.
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3.2 POTENTIAL AGGREGATE RESOURCES

3.2.1 Basin-rill Sources

The principal basin-fill sources of potentially acceptable
aggregate within the UARSA are older lacustrine, alluvial fan,
stream channel, and undifferentiated alluvial deposits. All
exhibit a range in quality, depending primarily upon durability
and gradation characteristics. Ideally, a basin-fill concrete
aggregate source should be composed of well-graded, hard,
durable, subangular to subrounded particles. Railroad ballast
durability specifications are similar to concrete aggregate,
but typical grain size varies from 1-3/4 to 1-1/2 inch, prefer-
ably crushed material. Road subbase material requirements are
much less stringent than concrete aggregate requirements.
Therefore, all concrete aggregate sources should be acceptable

for road material.

Although the gradation may be altered extensively by processing,
economics demand that the source material be within certain
defined gradation limits. In addition, concrete design spe-
cifications may require excessive plus 3/4-inch material to
produce 3/8-inch crushed gravel. The gradation of the aggre-
gates in a concrete mix affects not only strength, cement and
water content, and workability but also concrete pumping re-
quirements and reinforcing rod spacing. Basin-fill aggregate
gradation sizes have been grouped into two general categories

for this study: minus 3/8-inch fine aggregate (fine to coarse
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sand), and plus 3/8-inch coarse aggregate (fine gravel to

boulders).

The large areas of basin~-fill material designated as Class C in
Drawing 1 represent primarily fine-grained deposits deemed
unsuitable for aggregate. Most Class C material is deep water
older lacustrine, playa, or fine-grained distal alluvial fan
material. Small units of higher class basin-fill material
occur within the Class C areas but were not depictable in

Drawing 1.

3.2.1.1 Older Lacustrine Deposits - Aol

Older lacustrine deposits within the UARSA were deposited in
Pleistocene Lake Bonneville and related lakes. Lake Bonne-
ville originally covered vast portions of western and northern
Utah but has since receded to become the present Great Salt

Lake.

Paleo-nearshore sand bar, sand spit, and delta deposits form
major potential fine and coarse aggregate sources. These
deposits occur in 2zones roughly coincident with the paleo-
shorelines at the 4800- and 5200-foot topographic contours and
are predominantly composed of sand and gravel with lesser
amounts of cobbles and boulders. A range of gradations may be
present depéhding on the environment'of deposition but generally
the selective sorting of sediments by wave action has removed
most silt- and clay-sized material. Extensive older lacustrine
sediments, deposited in deeper water environments, may be pres-

ent in the central portions of many of the valleys. However,
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these concain significant amounts of silt, clay, and alkaline
salts or other evaporites and are not considered potential

aggregate sources.

The most common deleterious material noted is chert, but it was
never observed in excess of five percent by volume. Other
deleterious materials noted in these units include potentially
alkali reactive, vesicular, or low density volcanic, metamor-~
phic, and sedimentary particles. Test results and field station
data indicate that some deposits may be deficient in the plus
3/4-inch size, with an average 78 percent passing the 3/4-inch

sieve and a range of 70 to 85 percent.

Locally extensive and widely distributed older lacustrine
deposits are generally ranked as Class A or Class By, depending
on deleterious material content and gradation restrictions.
These deposits are presently being widely utilized as sources of

fine and coarse aggregates for highway construction in Utah.

Although older lacustrine deposits are locally extensive, they
were usually not depictable at the 1:500,000 scale of Drawing 1.
They have been grouped with the alluvial fan (Section 3.2.1.2)
and undifferentiated alluvium (Section 3.2.1.4) deposits in most

instances.

-

3.2.1.2 Alluvial Fan Deposits ~ Aaf

Alluvial fans flanking the mountain fronts are widespread
throughout the UARSA and provide one of the most extensive

reserves of coarse and fine aggregates in the study area. They
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are formed by the erosion of material from surrounding rock or
areas of higher relief. The material is gradually transported
downslope under the influence of gravity and water and is

deposited in characteristically fan-shaped geomorphic features.

The deposits are typically heterogeneous to poorly stratified
mixtures of boulders, cobbles, gravel, sand, silt, and clay that
grade from very coarse grained near the rock/alluvium contact to
fine grained near the valley interiors. Individual fan units
contain poorly to well graded, subangular particles that exhibit
great lateral and vertical textural variation. Test data
indicate that most of the alluvial fan deposits may be deficient
in the plus 3/4-inch sizes. The average percent passing the

3/4-inch sieve was 73 percent and ranged from 65 to 86 percent.

Composition of the surrounding source rock strongly controls the
quality of the material found in alluvial fans. Fans surround-
ing carbonate or quartzitic rocks generally contain the most
durable and sound materials, while those surrounding undifferen-
tiated volcanic, metamorphic, and sedimentary rocks are gen-

erally less acceptable.

Caliche development, a natural process of soil development in
arid climates, ranged from none in the younger fans to Stage IV
(Appendix Bf in the older fans. ?he older, more calichified
units may be partly or wholly consolidated, contain excessive
deleterious carbonate or clay coatings and highly weathered

clasts, and be unacceptable for use as aggregate.
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Alluvial fan deposits are widespread and extensive and are being
actively mined for localized fine ard coarse aggregates in
the study area. However, because of the restricted particle
gradations, content of clay- or silt-sized material, and other

deleterious substance, a majority are ranked as Class B.

3.2.1.3 Stream Channel Deposits - Aal

Stream channel deposits associated with secondary ephemeral
streams commonly transect alluvial deposits and trend perpendic-

ular to the nearby mountain ranges toward the valley axes.

There, they terminate at a central playa area or a primary
drainage system. Most are too small to depict in Drawing 1 and
have been grouped with the adjacent, more predominant units

(i.e., alluvial fan, undifferentiated alluvium).

- Stream channel deposits vary from heterogeneous mixtures of
sand, gravel, cobbles, and boulders near mountain fronts to
fine-grained sands, silts, and clays near valley centers. The
quality of the material reflects the properties of the rock
types found in the stream source area and along its course and
the deposits have been ranked accordingly. The most durable and
sound materials are found along streams which drain areas of

carbonate or quartzitic rock terrain. The deposits along

streams draining volcanic and metamorphic source areas are
highly variable and may or may not contain acceptable materials.

A Near mountain fronts where stream gradients are high, stream

channel deposits are generally coarse grained, noncemented,

; . free of deleterious coatings, suitably shaped, contain a low
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percentage of silt and clay fines, and are relatively durable.
The soft and friable materials have largely been removed by the
natural abrasive action of stream transport. Further from the
mountain fronts suitable fine aggregate sources of sand may be
located. Material deposited by streams near valley centers or
on the flood-plains of major drainages is generally too fine-
grained to make acceptable aggregate. Many stream channel
deposits are self-renewing with a fresh supply of sand and

gravel being carried downstream during periodic cloudbursts.

A majority of the stream channel deposits have been ranked
as Class B. Because of their limited areal extent, they will
supply only localized aggregate regquirements and are not con-

sidered potential major- fine or coarse aggregate sources.

3.2.1.4 Alluvial Deposits Undifferentiated - Au

Undifferentiated alluvial deposits consist of various combina-
tions of basin-fill units that could not be separately delin-
eated in Drawing 1 because of the map scale. Included are allu-
vial fans, older lacustrine, playa, stream channel, stream
terrace, and pediment deposits. These alluvial deposits are
heterogeneous to stratified mixtures of boulders, cobbles,
gravel, sand, silt, and clay comprised of a wide range of rock
types and deleterious substances. The composition and quality
of the undifferentiated alluvia® u.it v.-ies according to the

characteristics of the individual .seposits.

i




r‘r———-nnn__.___—w

FN-TR-34
20

Commergial production of fine and coarse aggregates from this
composite unit was noted in Utah and Nevada. The undifferenti-
ated alluvial deposits generally are ranked as Class B material
and will require more detailed studies to delineate areas of

higher quality.

3.2.2 Rock Sources

Potential sources of acceptable crushed rock within the UARSA
include gquartzite, limestone, dolomite, undifferentiated car-
bonate rocks, basalt, granitic rocks, and undifferentiated
sedimentary, volcanic, and metamorphic rocks, Each exhibits a
range of characteristics that are important to their use as

potential aggregate sources.

Ideally, a source rock for concrete aggregate should be easily
accessible with favorable bedding and joint patterns and chemi-
cal and physical characteristics that, upon mining an® =»ushi.~,
breaks down into optimum-sized, equidimensional particles.
Physical and chemical properties for railroad ballast and road
base are similar but less exhaustive than those for concrete
aggregate. Therefore, with the exception of p~rticle sizes,
any source considered acceptable for concrete aggregate will
generally exceed requirements for railroad ballast and road

base.

3.2.2.1 Quartzite - Qtz

Extensive deposits of Lower Paleozoic and Precambrian quartzites
which occur throughout the UARSA are capable of producing large

quantities of hard, durable, nonalkali reactive crushed rock




] FN-TR-34
21

for use as aggregate (Drawing 1). Both metamorphic and sedi-
mentary quartzites are present within the UARSA and possess
similar aggregate characteristics. They are typically 1light
colored, thin-to-medium bedded, hard to very hard rocks that
are composed of 90 to 100 percent quartz grains. Geologic for-
mations comprising the best quality potential quartzite aggre-
gate include Prospect Mountain Quartzite (Class A), Eureka and

Swan Peak quartzite (Class A), and Tintic Quartzite (Class A).

The quartzite formations in the UARSA are usually interbedded
with shale, sandstone, and siltstone beds. In these locations

this unit is generally ranked as Class B. Where the quartzite

is extensive, accessible, and the dominant constituent of the

mapped unit, it is ranked as Class A.

One e<isting quartzite rock quarry source located approximately
30 miles northeast of Delta, Utah, was noted during the field
study, but it was not field-checked because of restricted
access. It appears to be situated in Tintic Quartzite, a unit

ranked as Class A elsewhere within the UARSA.

3.2.2.2 Limestone - Ls

Limestone is a carbonate rock widespread throughout the UARSA
(Drawing 1). This hard, durable, medium to massively bed-
ded cliff former is a potential source of high quality, non-

alkali reactive crushed rock. The limestones are typically

medium-to-dark gray, fine-to-medium grained, fossiliferous, and

sparsely cherty with well developed bedding and jointing.
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Principal geologic formations comprising the best limestone
units include Ely Limestone, Great Blue Limestone, and the
Marjum Limestone (Class A and/or Class Bj). These formations
may also represent potential sources of cement; however, further
work will be required to identify actual sites. Several lime-
stone formations within the UARSA contain nodules or inter-
beds of chert as well as interbeds of shale and siltstone and
thus are ranked as lower quality potential aggregate sources

(Class B).

Two existing limestone rock quarries were noted during the field
reconnaissances., One abandoned or inactive limestone guarry is
located on the eastern flank of the Cricket Mountains in the
central portion of the UARSA. Another abandoned or inactive
limestone quarry is located approximately six miles north of the

Tintic Mountains in the northern portion of the UARSA.

3.2.2.3 Dolomite - Do

Dolomite is a high magnesium carbonate rock that is located
throughout the UARSA (Drawing 1) and is a potential source of
good quality crushed rock. This rock is characteristically
dark-to-medium gray, medium grained, moderately cherty with well
developed bedding and jointing. Aggregate/portland cement
potential alkali reactivity is suspected because of the rock

texture and composition and the generally high chert content.

Principal formations comprising the bulk of this unit include
the Simonson Dolomite and Notch Peak Dolomite (Class B;).

Dolomite, while present throughout the UARSA, is less voluminous

e
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than the limestone (section 3.2.2.2). Most dolomite formations
within the UARSA are Class Bj;, or Class B containing nodules
or interbeds of chert as well as interbeds of shale, siltstone,

sandstone, and cherty limestone.

3.2.2.4 Carbonate Rocks Undifferentiated - Cau

Materials classified as undifferentiated carbonate rocks include
thick, complex sequences of limestones and dolomites interbedded
with sandstone, shale, and siltstone (Drawing 1). Individual
units were not delineated separately because of map scale
limitations. Formations included within this unit are typically
light-to-dark gray, thinly~to~massively bedded, hard, cherty,
and fossiliferous. The undifferentiated carbonate rocks
are generally ranked as Class B but range widely in quality,
depending primarily upon their cher.: content and the number
of shale, siltstone, and sandstone interbeds. They are general-
ly hard, durable cliff formers that compose many of the major

topographic features in eastern Nevada and western Utah.

Quaternary basalt within the UARSA is predominantly confined to
a narrow zone in the southeastern portion of the study area.
These large deposits generally lie in easily accessible mid-
valley localities as flows and associated cinder cones (Drawing
1). The basalt is typically a dense, dark gray to black, medium
to thick bedded, 1locally vesicular, poorly jointed rock.
Occasionally, interbeds of volcanic agglomerate and pumice are

present.

R
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Vesicular and locally scoriaceous (greater than 50 percent
vesicles) upper portions and the suspected presence of poten-
tially alkali reactive interstitial glass may make some basalts
less desirable sources for concrete aggregate (Class B). How-
ever, these sources may provide more acceptable aggregate for

railroad ballast and road base.

3.2.2.6 Granitic Rocks - Gr

Extensive exposures of granitic rocks (e.g., granite, monzonite)
are located in the northwest portion of the UARSA (Drawing 1).
They represent a potential source of nonreactive crushed rock,
but their utilization is strongly dependent on the degree and

depth to which they have been weathered.

These rocks are typically light colored, medium-to-coarse
grain=2d, siliceous-to-intermediate intrusions, with 1local
gneissic or schistose structure developed near contacts and
major structures. Where observed in outcrop, the majority of

these granitic rocks were moderately weathered.

The degree of weathering observed at the surface and the uncer-
tain depth to which the weathering extends below the surface
required most granitic rocks within the UARSA to be ranked as

Class B material.

-

3.2.2.7 Sedimentary Rocks Undifferentiated - Su

Sedimentary and metasedimentary rocks which are located through-

out the UARSA in exposures too small to delineate at the map

scale of 1:500,000 have been combined into an undifferentiated
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sedimentary rock unit (Drawing 1). Rocks within this unit
include interbedded sandstone, shale, dolomite, limestone, and
quartzite that may have been slightly metamorphosed in some

areas.

Locally, the limestone, dolomite, and quartzite may represent
potential high quality aggregate sources, but due to the extreme
variability of the material types, the content of potentially

alkali reactive material, and the extent of metamorphism and

structural disturbance, undifferentiated sedimentary rocks have

generally been ranked as Class Bs or Class B materials.

3.2.2.8 Volcanic Rocks Undifferentiated - Vu

Throughout the UARSA, exposures of intermediate to silicic

igneous rocks that occur as flows, dikes, intrusions, and

pyroclastic debris have been combined into an undifferentiated
volcanic rock unit (Drawing 1l). 1Individual rock types have not
been delineated because of map scale limitations and similari-
ties in composition. This composite unit has generally been
ranked as Class B, material due to its lack of durability,
suspected content of alkalai reactive glass, and low density
material. Locally better quality material, not delineated on

Drawing 1, may be found within this unit,

b 3.2.2.9. Metamorphic Rocks Undifferentiated - Mu

. Undifferentiated metamorphic rocks that crop out in the northern
portion of the UARSA generally include gneiss, schist, and
quartzite that could not be separately delineated because of map

scale limitations (Drawing 1l). The extent to which the gneiss
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and schist can be utilized as a source of aggregate is strongly
dependent upon the depth of weathering and the degree to which
they have been weakened by foliation (mineral segregation and
orientation). These rocks commonly yield platy and/or elongate
particles that contain similarily weak foliation zones. Where
foliation is poorly developed or widely spaced, fresh material
from these units may produce acceptable crushed rock. Quartzite

is typically of higher quality wherever it occurs.

Overall, the undifferentiated metamorphic rocks have been

generally ranked as Class B. Locally, higher quality material

exists within this unit.
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4.0 CONCLUSIONS

Sufficient volumes of material to satisfy the aggregate require~
ments of the MX system appear to be available from a variety of
basin-fill and/or rock sources within the UARSA. The most
extensive and highest quality (Class A and Class B)) potential
basin~fill aggregate resources are present in the central and
northern portion of the study area where both older lacustrine
and alluvial fan deposits are abundant. However, the gradation
of the sands and gravels in these deposits may be a limiting
factor to the processing of the material for high-~strength
concrete and railroad ballast.